INTRODUCTION
============

The prevalence of type 1 diabetes mellitus (T1DM) is thought to be less than 5% of all diabetic patients, but T1DM has a higher prevalence of severe diabetic complications and shorter life spans than those without T1DM \[[@B1][@B2][@B3]\].

Insulin therapy, which is continued for the duration of the individual\'s life, should be started immediately after the onset of T1DM, which lasts a lifetime, causing serious physical, psychological, and economic burdens \[[@B4]\].

Efforts to cure T1DM have continued steadily and have led to the discovery of insulin, artificial pancreas development, and pancreas/islet transplants, among others. However, successful immune, gene, or stem cell therapy has not been effective in curing T1DM \[[@B5]\]. Therefore, insulin treatment remains the primary and currently available remedy and requires frequent monitoring using a blood glucose meter.

The prevalence rate of T1DM in the individuals with age 0 to 15 years in Europe and North America is 0.05% to 0.3% \[[@B6]\]. In the United States, the incidence of T1DM was 19.7/100,000 in children less than 10 years old and 18.6/100,000 in individuals over the age of 10 \[[@B7]\]. Another study reported that the number of patients between 0 and 19 years old suffering from diabetes in 2010 was approximately 215,000; approximately one of every 400 to 600 children and adolescents with diabetes is estimated to have T1DM \[[@B8]\]. Data from the International Diabetes Federation in 2010 reported that there were 1.9 billion people between 0 and 14 years of age, 479,600 of whom had T1DM, and that 75,800 people were newly diagnosed with T1DM every year \[[@B9]\].

There has been a scarcity of reliable epidemiological data on T1DM in Korea. Previously, only a few local epidemiological studies existed. According to the T1DM registration project in Seoul from 1985 to 1988, the incidence of T1DM in school-age children was estimated to be approximately 1.3 people per 100,000 per year \[[@B10]\]. The Korean Pediatric Society found that the average annual incidence of T1DM from 1995 to 2000 was 1.36/100,000 (95% confidence interval, 1.23 to 1.48) and that the incidence of T1DM in Korea had been increasing slightly over the 6-year span \[[@B11]\].

T1DM is most commonly diagnosed in puberty, but there are also patients diagnosed with T1DM after the age of 20. However, a nationwide incidence rate using large-scale data from all age groups was not available until now. Therefore, we wanted to evaluate the epidemiology of T1DM in our country. In this study, we investigated the prevalence and incidence of type 1 diabetes between June 2011 and August 2013 in Korea.

METHODS
=======

Data source
-----------

In Korea, a universal compulsory National Health Insurance (NHI) program that provides coverage for nearly 100% of the total population was launched by the government in 1989. In 2013, the NHI program covered 97.2% (*n*=49,989,620) of the population and the Medical Aid system covered the remaining 2.8% (*n*=1,458,871) of the population \[[@B12]\]. To obtain nationwide data on the incidence and prevalence of T1DM, we extracted claims data from the Type 1 Diabetes Registration Project for the Reimbursement of Consumable Materials, which started on July 1st 2011 by the NHI program.

The Korean National Health Insurance Service (NHIS) promoted this project nationally to all domestic internal medicine, pediatric, and family medicine doctors; if they examined patients with T1DM, physicians enrolled patients in the registration program. Patients received a financial benefit for subscribing.

The data extraction date was August 30, 2013. We selected patients who were coded as having a diagnosis of diabetes mellitus (DM) according to diagnostic codes (as defined in The International Classification of Diseases, 10th Revision, Clinical Modification, ICD-10-CM code). The specific codes used were E10 for T1DM, E11 for type 2 diabetes mellitus (T2DM), E12 for malnutrition related DM, E13 for other specific types of DM, and E14 for an unknown type of DM. The category \"DM type others\" included both the E13 and E14 codes. From the total number of diabetes patients, we estimated the prevalence and incidence of T1DM and its features. We assumed that their ages at the time of registration and at their diagnostic confirmation were the following:

Age at the time of registration=current age-elapsed year from registration in the project

Age at the diagnosis confirmation date=current age-elapsed year from diagnostic confirmation date

To conduct a detailed analysis of the T1DM population in Korea, we stratified by gender, age, and area and calculated the prevalence and incidence. This study was approved by the Institutional Review Board of the National Health Insurance Corporation Ilsan Hospital (IRB number: 2013-092).

Registration conditions of the type 1 diabetes registry
-------------------------------------------------------

The Registration Requirements of the National Registration Project of Type 1 Diabetes for the reimbursement of consumable diabetes-related supplies had several criteria. Individuals were eligible if they needed insulin for diabetes treatment and had any conditions that showed insulin deficiency or presence of autoimmunity, such as basal C-peptide levels below 0.6 ng/mL, stimulated C-peptide levels below 1.8 ng/mL, urine C-peptide levels below 30 µg for 24 hours, a history of diabetic ketoacidosis at their first diagnosis of DM, or the presence of autoantibodies (Ab) to pancreatic β-cells including glutamic acid-decarboxylase (GAD) Ab. Individual data were reviewed and confirmed by the primary physician and sent to the NHIS local office. Because the Type 1 Diabetes Registration Project for the Reimbursement of Consumable Materials is not a mandatory program, individuals who satisfied the inclusion criteria became affiliated when they were willing to become a member of the registry. The recipients were reimbursed in cash after receipts showing individual medical expenses for glucometer strips were submitted to the insurance claims office.

Prevalence and incidence
------------------------

We stratified by gender and age group (0 to 19, 20 to 39, 40 to 59, 60 to 79, and 80 years or older) to conduct a detailed analysis of the T1DM population in Korea. In addition, registrants were categorized by region and month of registration. Limited-duration prevalence was calculated using the total number of registrants divided by the total insurance policy holder population during the same period. Regional prevalence was calculated by dividing the regionally registered study population by the overall population of each region.

We conducted additional analyses on the prevalence of T1DM using ICD-10 diagnostic codes from the Korean NHI claims database. We extracted the total number of NHI applicants and the total number of diabetes cases during the 26-month period. All diabetes patients from the claims data were divided into four classifications: T1DM (E1000-E1090), T2DM (E1100-E1190), DM-related malnutrition (E1200-E1290), and other type of DM (E1300-E1490). The actual total number of diabetic patients was determined after eliminating duplications of diagnostic codes in the claiming process.

We classified diabetic patients according to their requested diagnostic codes and their insulin prescription/oral medication prescription status (i.e., did not receive any prescriptions, received one or more prescriptions for insulin but not oral hypoglycemic agents \[OHAs\], received one or more prescriptions for OHA but not insulin, or received both insulin and OHA).

The incidence was estimated from the data after the monthly registration rate was averaged. Incidence rates were calculated as the incidence per calendar year per 100,000 population at risk without adjustment for under-reporting.

Statistical analysis
--------------------

All statistical analyses were performed with PASW version 18.0 (SPSS Inc., Chicago, IL, USA). Data are presented as the mean±standard deviation for continuous variables and discrete variables were expressed as percentages. Comparisons of the prevalence between regions were performed using a chi-square test. Data with a *P*\<0.05 were considered significant.

RESULTS
=======

Baseline characteristics of the enrolled subjects with type 1 diabetes
----------------------------------------------------------------------

A total of 8,256 Korean subjects with T1DM who satisfied the registration conditions were registered during the 26-month period. Among the 8,256 subjects, the mean age at the sampling time point was 35.1±18.4 years old, 3,899 (47.2%) were male and 4,357 (52.8%) were female, and the male to female ratio was 1:1.12. The minimum age was 0 and the maximum age was 89. Registrants were grouped into classes by age at the time of enrollment into the Korean T1DM registry; 2,346 registrants (28.4%) were under 20 years old (114 were 0 to 4 years old, 394 in the 10 to 14 age bracket, and 998 in the 15 to 19 age bracket), 5,910 T1DM patients (71.6%) were over 20 years old, and 96.2% of all subjects were under 69 years of age. According to the age at the time of registration, the age range with the largest number of registrants was 15 to 19, and the number of registrants older than 35 years tended to gradually decrease. The number of registrants older than 85 years was four ([Fig. 1](#F1){ref-type="fig"}).

Registration eligibility requirements of Korean Type 1 Diabetes Mellitus Registry
---------------------------------------------------------------------------------

All registered subjects with type 1 diabetes used insulin, a mandatory requirement. Of the other optional conditions, 6,020 (72.9%) had a baseline C-peptide level \<0.6 ng/mL, 664 (8%) had a stimulated C-peptide level \<1.8 ng/mL, 802 (7.9%) had a 24-hour urine C-peptide \<30 µg/day, 1,649 (20%) had an initial diagnosis of diabetes with a history of diabetic ketoacidosis, and 1,873 (22.7%) had positive tests for GAD Ab or other Ab ([Supplementary Fig. 1](#S2){ref-type="supplementary-material"}).

Regional distribution of registrants with type 1 diabetes
---------------------------------------------------------

Gyeonggi (a local province) had the largest number of registrants with 2,334, followed by Seoul (the capital city) with 2,056, Busan with 641, Jeju with 146, and Sejong with five registrants. The registration rate in the Korean Type 1 Diabetes Mellitus Registry was significantly higher in the Jeju region (the biggest island) at 0.026% compared with the other local populations, which averaged 0.0125% (*P*\<0.05) ([Fig. 2](#F2){ref-type="fig"}).

Monthly enrollment in the Type 1 Diabetes Registry and the number of issued prescriptions for blood glucose test strips
-----------------------------------------------------------------------------------------------------------------------

Registration in the T1DM registry started June 1, 2011. In the first month, 262 people registered, 1,697 enrolled in July, and 757 in September 2011. After September, the average monthly enrollment dropped to 136 ([Fig. 3A](#F3){ref-type="fig"}). A total of 2,346 registrants less than 20 years old during the study period were recruited. Young patients with type 1 diabetes showed a similar pattern of registration as the other ages; the enrollment decreased gradually after July 2011. The monthly average number of registrants was 30.07 after 12 months.

The monthly number of issued prescriptions for blood glucose test strips increased gradually from 497 initially to more than 1,000 after the first year. However, registered individuals who had never received prescriptions for blood glucose test strips after their enrollments accounted for 15.2% (*n*=1,255) of the study population. Constant test strip users who had prescriptions for the product and had received the prescription three times or more accounted for 51.9% (*n*=4,290) of the patients, and 27.3% (*n*=2,251) of the registry received prescriptions six or more times ([Supplementary Fig. 2](#S3){ref-type="supplementary-material"}).

Prevalence and incidence of type 1 diabetes
-------------------------------------------

As depicted in [Fig. 3A](#F3){ref-type="fig"}, the present study\'s data show that the prevalence of T1DM was 1.66 diagnosed per 10,000 policyholders for the 49,662,097 policyholders. An average of 136 new T1DM patients were diagnosed each month, resulting in 1,632 (136×12 months) newly registered T1DM patients each year ([Fig. 3A](#F3){ref-type="fig"}). The incidence of new T1DM cases overall was 3.28 per 100,000 people.

The prevalence of T1DM in those under 20 years old was 2.11 per 10,000 for the 11,106,122 of policyholders under 20 year-old in Korea. Additionally, the average number of monthly diagnoses and annual enrollments for those under 20 years old was 30.07 and 360.9, respectively. The incidence of T1DM in those under 20 years old was 3.25 per 100,000 of insurance subscribers under 20 year-old ([Fig. 3B](#F3){ref-type="fig"}).

Further analysis was performed using claims data ([Supplementary Table 1](#S1){ref-type="supplementary-material"}). Over the 26-month period during which the study took place, the total number of diagnosed diabetes patients in Korea was 3,762,332, and the number of NHI applicants was 49,662,097. Diabetes claims were divided into the following types: T1DM, 227,280 cases; T2DM, 3,224,091; DM-related malnutrition, 8,573; and other types of DM, 1,190,405. The difference between the sum of the above-mentioned numbers and the total number of diabetic patients was a result of duplication in the reporting process. At least 897,017 patients had their conditions reported using two or more diagnostic codes types. Moreover, there were great differences between the number of diagnoses (8,256) and the number of DM claims (227,280). One must assume, then, that the data for T1DM claim-code use represented the maximum number of potential cases, including T1DM misdiagnoses. This study\'s authors did try to preclude errors arising from T1DM misdiagnosis by classifying the sampled patients according to whether a type 1 code was requested, the number of insulin prescriptions, and the type of drugs prescribed. This third group was further subdivided into the following four groups: (1) those who received no prescription, (2) those who received one or more prescriptions for insulin but not for OHAs, (3) those who received one or more prescriptions for OHA but not insulin, and (4) those who received both insulin and OHAs. As shown in [Supplementary Table 1](#S1){ref-type="supplementary-material"}, 37,947 patients fell under the \"type 1 code only\" classification; 44,747 had insulin prescriptions filled at least three times; 45,077 received one or more prescriptions for insulin but not for OHAs; and 43,097 received both insulin and OHAs.

T1DM claims data were classified into three categories ([Supplementary Table 1](#S1){ref-type="supplementary-material"}). According to the disease-classification code symbols used, there were only 37,947 patients for whom the T1DM code was requested and 189,333 patients for whom another DM type\'s code was requested. Regarding the number of insulin prescriptions, the number of patients who never received an insulin prescription after a T1DM claim was reported was 141,516, while the number of insulin prescriptions received three or more times was 44,747. In relation to prescription drug types, the number of patients for whom a T1DM-code claim was made who did not receive any prescription was 95,400. Consequently, this study\'s authors estimate that the real number of T1DM cases range from a minimum of 8,256 (those currently in the registry for T1DM) to a maximum of 44,747 (those who received insulin prescriptions three or more times). Moreover, the true prevalence of T1DM over the course of the present study was therefore 0.017% to 0.021% of Korea\'s entire population (relative to Korea\'s 49,662,097 health-insurance subscribers), and the percentage relative to Korea\'s 3,762,332 diabetes patients (all types) was approximately 0.22% to 1.19%.

DISCUSSION
==========

The incidence of T1DM varies across countries and by ethnicity; however, the global pattern of the incidence of T1DM has not changed markedly since reports published in the 1970s and 1980s. The overall incidence rates of T1DM have varied from 0.1/100,000 to 36.8/100,000 person-year. Finland and Sardinia have the highest incidence, and Caracas, China, and Venezuela have the lowest incidence rates. This represents a greater than 350-fold variation in the incidence among the populations worldwide \[[@B13][@B14]\].

Although prevalence rates are difficult to interpret and compare because they are from different time periods and are not standardized, the prevalence of T1DM in children ranges from 0.6 per 1,000 to 2.5 per 1,000, with most estimates clustering approximately 1.7 per 1,000 \[[@B1][@B13]\].

Korean diabetologists have long been interested in the prevalence and incidence of T1DM in Korea \[[@B10][@B11][@B15][@B16][@B17]\]. Previous investigations were promoted primarily by the Korean Diabetes Association, union of university hospitals, and local medical institutions to determine the epidemiology of T1DM in Korea. However, only limited results could be achieved due to a small sample size and locality restrictions, meaning the true epidemiology of T1DM in Korea was not known.

In this study, although T1DM had a higher incidence in younger individuals, it is important to note that more than two-thirds of the population was older than 20 in our study, as T1DM patients are getting older and T1DM is also beginning at older ages. These data illustrated a true cross-sectional distribution of ages in T1DM patients.

Approximately one year after the start of registration, 136 people registered each month ([Fig. 3](#F3){ref-type="fig"}). If the prior existing T1DM patients were enrolled during the early period, the 136 additional monthly registrations might be assumed to represent newly developed T1DM cases, and the annual incidence of T1DM in Korea would be 1,632 per year. We estimated the incidence of newly diagnosed T1DM to be 3.28/100,000 person-year across all ages and 3.25/100,000 person-year in young ages. Previous studies have reported that the incidence of childhood T1DM was 1/100,000 per year. The difference between the two values may originate from different eligibility criteria for including T1DM patients. In addition, we did not find a seasonal difference in enrollment to the registry, unlike previous studies \[[@B10][@B11][@B18]\].

Previous studies also showed regional differences of incidence \[[@B10][@B11][@B15][@B16][@B17]\]; however, the regional distribution of registered patients compared with the population was evenly distributed in this study, except for in Jeju Island. Jeju Island had a significantly higher prevalence of T1DM than other areas. We are not certain whether this was related to the registration process or whether large numbers of patients were recruited. Jeju Island is a suitable area for a prospective cohort study with T1DM because it is very isolated and has a small area and a limited number of hospitals. Positive auto-Ab tests may indicate progression to β-cell loss and occurred in 22.7% of the study population ([Supplementary Fig. 1](#S2){ref-type="supplementary-material"}), which was lower than previous reports with a diagnosis of T1DM (GADA 80%, IA-2A 70%, and IAA 60%) perhaps because registrants were not required to satisfy all enrollment criteria. Although type 1 diabetes in childhood often involves a straightforward diagnosis, autoimmune diabetes in adults is poorly defined \[[@B19]\]. We did not evaluate the data on auto-Ab divided into an adult and young age group. This analysis may have shown consistent results with previous studies and further was magnified as autoimmune diabetes in adults.

There were also issues with misclassification that led to the inclusion of other types of diabetes, such as neonatal diabetes (a type of monogenic diabetes) and insulin dependent T2DM. In addition, each Registry entry depended on the active participation of doctors and on receiving patient consent as in the Diabetes Incidence Study and National Diabetes Register in Sweden \[[@B20]\]. To achieve a reliable and feasible approach to monitoring T1DM in the future, there may need to be changes to the eligibility conditions and the process of registration into the T1DM registry, including an automated, passive system.

Furthermore, the proportion of patients for whom claims were made using DM codes (according to ICD-10) was approximately 8% of Korea\'s entire population. There is a possibility that this proportion could include the number of individuals with diabetes, pre-diabetes, and suspected diabetes. Inevitably, the data on T1DM claim codes may also include a number of T1DM misdiagnoses in addition to potential cases. We conducted additional analyses to rectify the discrepancy between the number of T1DM codes from claims data and the number of T1DM cases from the enrollment. The resulting overall percentage relative to the total number of diabetes patients was approximately 0.22% to 1.19%, far below the 5% T1DM prevalence reported by previous studies \[[@B21]\]. Although additional studies are required to determine the causes of this discrepancy, the data from this study suggest that the rate of T1DM cases may have dropped due to the substantial increase in T2DM cases in Korea \[[@B22]\].

This study has several limitations, including how it does not account for all T1DM cases in Korea. This occurred because not all of the individuals diagnosed with T1DM satisfied the inclusion criteria. Registry depended on the active participation of doctors and on receiving patient consent, as with the Diabetes Incidence Study and National Diabetes Register in Sweden \[[@B20]\]. Second, misclassification may have been a limitation. Based on the registration-eligibility requirements, this study\'s sample may have included insulin-depleted sufferers of T2DM (especially in older patients), monogenic diabetes, including neonatal diabetes, (especially in younger patients), diabetes-related pancreas resection and disease, and Ketosis-prone T2DM, among others. One feasible approach to obtaining more reliable monitoring in the future is to revise the eligibility requirements and the registration process to incorporate a passive, automated system. However, the present study remains valuable because it is the first Korean study of T1DM to analyze the illness according to regional and age distributions based on nationwide, large-scale data.

In conclusion, the prevalence of T1DM over the course of the present study was approximately 0.017% to 0.021% of Korea\'s entire population, which is markedly lower than the 5% prevalence percentage reported by previous studies. Finally, the annual incidence of T1DM during the present study was 3.28/100,000 person-year for Korea\' population as a whole and 3.25/100,000 person-year for Koreans under 20 years old.
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###### Supplementary Table 1

Classification of diabetes mellitus type according to ICD-10 from Claim Data

###### Supplementary Fig. 1

Registration eligibility requirements of the Korean Type 1 Diabetes Mellitus Registry. Insulin treatment was a mandatory requirement. Optional conditions showed insulin deficiency or presence of autoimmunity, such as basal C-peptide levels below 0.6 ng/mL, stimulated C-peptide levels below 1.8 ng/mL, urine C-peptide levels below 30 µg for 24 hours, a history of diabetic ketoacidosis (DKA) at first diagnosis of diabetes mellitus, or the presence of autoantibodies to pancreatic β-cells, including glutamic-acid-decarboxylase (GAD) antibodies (Ab). Registrants could have more than one optional condition.

###### Supplementary Fig. 2

The number of issued prescriptions for consumable supplies per patient. The 1,255 patients (15.2%) registered but did not have any prescriptions for consumable supplies. The 27.3% (*n*=2,251) of the registry received prescriptions six or more times.

![Age at the time of enrollment to the Korean Type 1 Diabetes Mellitus Registry. This graph shows the age of registrants at the time of enrollment over 26 months. This is a mixture of incident and prevalent cases.](dmj-40-35-g001){#F1}

![Regional distribution of the registration rate in Korean Type 1 Diabetes Mellitus Registry compared with the local population (residence distribution).](dmj-40-35-g002){#F2}

![Monthly enrollment after insurance reimbursement project for type 1 diabetes mellitus consumables. (A) Total enrollment in all ages. The number of health insurance subscribers during the study period: 49,662,097; new registrants: 136/month, 1,632/year, 3.29/100,000/year. Black horizontal line: monthly average number of new registrants. (B) Total enrollment of individuals less than 20 years old. The number of health insurance subscribers less than 20 years old during the study period: 11,106,122; new registrants less than 20 years old: 30.07/month, 360.9/year, 3.25/100,000/year. Black horizontal line: monthly average number of new registrants less than 20 years old.](dmj-40-35-g003){#F3}
